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Abstract (233 words) 22 

Depopulation trends in many developed regions are resulting in an increase in 23 

areas of abandoned farmland, which could provide an alternative habitat for species 24 

endangered by past conversion of wetlands for agriculture. Additionally, various spatial 25 

and temporal factors (landscape structure, local habitat quality, and abandonment age) 26 

could influence species composition in abandoned farmland. In this study, we explored 27 

the spatio-temporal effects of land abandonment on the species composition of wetland 28 

ground beetles (Coleoptera: Carabidae) to examine whether abandoned farmland can 29 

contribute to conserve wetland species’ habitats. We first compared ground beetle 30 

assemblages among four land uses (grassland, wetland, and newly and previously 31 

abandoned farmland) in the Kushiro region, eastern Hokkaido, Japan. We then 32 

examined the factors influencing differences in wetland species composition between 33 

abandoned farmland and wetland. We found that the composition of wetland species in 34 

abandoned farmland was more similar to that of wetland than that of grassland. Our 35 

results also showed that soil moisture in abandoned farmland was positively related to 36 

the land abandonment age and that differences in wetland species composition between 37 

abandoned farmland and wetland were negatively related to both soil moisture and 38 

surrounding wetland area. Our findings suggest that abandoned farmland can serve as 39 

an alternative habitat for wetland ground beetles. Maintaining a high level of soil 40 

moisture in abandoned farmland and conserving the surrounding wetland could be an 41 

effective strategy for restoring natural habitats for these species. 42 
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1. Introduction 46 

 Many developed countries are undergoing a period of transition from 47 

over-population to under-population (United Nations, 2016), and this social change has 48 

led to drastic alterations in arable land use, whereby decreasing population density is 49 

accelerating farmland abandonment (Benayas et al., 2007). Abandoned farmland can 50 

provide an alternative habitat for wildlife that has experienced range contractions due to 51 

the past expansion of arable land (Navarro and Pereira, 2015). For example, several 52 

studies suggest that abandoned farmland has contributed to the range expansion of 53 

forest-dwelling birds or large mammals in Europe (Boitani and Linnell, 2015; Sirami et 54 

al., 2008). Overall, releasing land for the natural recovery of vegetation is less costly 55 

than active restoration of degraded habitats (e.g., Barral et al., 2015; Morrison and 56 

Lindell, 2011). In addition, the conflict between conservation and development may be 57 

smaller for abandoned farmland than for other land uses. Therefore, the natural recovery 58 

of vegetation in abandoned farmland may provide a practical option for restoring 59 

wildlife habitats. 60 

 The first step toward effective restoration of abandoned farmland is to identify 61 

the factors regulating habitat conditions for target species (Sandom et al., 2013). As 62 

characterized by the vegetation or soil conditions, local habitat quality is expected to act 63 

as a primary environmental filter influencing the successful colonization of abandoned 64 

farmland (e.g., Brambilla et al., 2010), but it could also change with vegetation 65 

succession (Shoo et al., 2016). While, with regard to the dispersal ability of species and 66 

colonization processes (e.g. Hanski, 1999), the landscape structure, such as the amount 67 

of surrounding source habitat or the distance between the abandoned farmland and the 68 

source habitat, may determine the immigration potential of organisms into abandoned 69 

farmland. The importance of landscape structure can vary according to the dispersal 70 



capability of the target species (e.g., Fensham et al., 2016), and both landscape structure 71 

and dispersal capacity affect the time required for successful colonization (i.e., 72 

colonization credit; Piqueray et al., 2011). Although many studies have separately 73 

explored the effects of spatial (amount of and distance from the source habitat) and 74 

temporal (change in habitat quality) factors, few studies to date have comprehensively 75 

addressed spatio-temporal effects (Fensham et al., 2016). Although successful 76 

restoration requires colonization of individual species at the beginning stage, and also 77 

population persistence in a long time frame, in this study, we focus on the effect of these 78 

environments on the colonization of abandoned farmland by various species. 79 

Wetland ecosystems are among ecosystems most threatened by cultivation 80 

and urbanization activities (Fujita et al., 2009; Gardner et al., 2015). Indeed, the global 81 

loss of wetland continues even today (Talberth and Gray, 2012), and the conservation 82 

and restoration of wetland habitats are of high priority because many specialist species 83 

inhabit wetland environments and most of these species are threatened (Ramsar 84 

Convention Secretariat, 2013; Zedler and Kercher, 2005). Farmland abandonment often 85 

occurs in land with low productive potential or poor drainage (high soil water potential). 86 

In addition, Kusumoto et al. (2005) demonstrated that wetland plant species can 87 

regenerate in abandoned farmland with high soil water potential. Therefore, the 88 

utilization of abandoned farmland with poor drainage conditions may be a practical 89 

option for restoring wetland ecosystems. 90 

In the present study, we explored the spatio-temporal effects of land 91 

abandonment on the species composition of wetland ground beetles (Coleoptera: 92 

Carabidae) to examine whether abandoned farmland can contribute to wetland species 93 

conservation. We investigated 1) how the species composition of ground beetles is 94 

influenced by farmland abandonment and 2) the environmental factors that are involved. 95 



Ground beetles were selected for the study because they comprise diverse taxa with 96 

wide distributions (e.g., Koivula, 2011), are sensitive to environmental changes and 97 

have been used as a biological indicator in various landscapes (e.g., Rainio and Niemelä, 98 

2003). 99 

 100 

2. Materials and methods 101 

2.1. Study area 102 

 The study was conducted in the Kushiro region, Hokkaido, northern Japan (Fig. 103 

1). The annual mean temperature and precipitation in the area are 6.3 °C (ranging from 104 

5.0 to 7.7 °C) and 1057.0 mm (from 704.5 to 1577.0 mm), respectively (data from 1980 105 

to 2015, provided by Kushiro Climatological Observatory, located within the study 106 

area). The Kushiro Wetland, the largest peat wetland in Japan, covers 19,357 ha of this 107 

region, and more than 80% of the wetland consists of fens dominated by reed, sedge, 108 

and shrubs. Since the 19th century, the Kushiro Wetland has been converted to urban 109 

land use and grassland, and 30% of the wetland was lost during the last five decades 110 

(from 28,135 ha in 1947 to 19,357 ha in the 2000s; Ministry of the Environment, 2015). 111 

However, in the 21st century, the population of the Kushiro sub-prefecture has been 112 

declining, and the abandoned farmland has been increasing (from 758 ha in 2000 to 113 

1,691 ha in 2015; Policy Department of Hokkaido Prefecture, 2015). 114 

For this study, we selected 37 survey sites belonging to four land uses in the 115 

Kushiro region (Fig. 1): 14 newly abandoned farmland (abandoned after the 1990s), 11 116 

previously abandoned farmland (abandoned before the 1980s), 6 grassland (with mowed 117 

twice per year), and 6 remnant wetland (fen) sites. All survey sites in abandoned 118 

farmland areas had been wetland areas in the 1920s and were converted to grassland 119 

areas and later abandoned. The survey sites in grassland and wetland areas were 120 



selected as a reference for land use in arable land and pristine vegetation, respectively. 121 

All the survey sites were located more than 500 m apart from each other. Because no 122 

accurate data for abandonment age was available, we estimated the age of abandonment 123 

by interviewing land owners or neighbors around each survey site, and we classed the 124 

duration of abandonment into two categories: after the 1990s and before the 1980s. The 125 

dominant plant species were Phalaris arundinacea in both newly and previously 126 

abandoned farmland sites, Phleum pratense in the grassland sites, and Phragmites 127 

australis and Calamagrostis langsdorffii in the remnant wetland sites. 128 

 129 

2.2. Ground beetle sampling 130 

 To examine the species composition of ground beetles at each survey site, we 131 

collected ground beetles using pitfall traps in two periods: early summer (June 19 to 132 

July 24) and autumn (August 27 to September 12) 2014. At each survey site, we set 16 133 

pitfall traps placed in a grid of 2 x 8 traps for 2 weeks per period, with each trap located 134 

more than 5 m away from any other trap. Then, the grid was placed at a minimum 135 

distance of 10 m from the edge of each field. The traps were 95 mm in diameter and 124 136 

mm in depth and contained approximately 50 ml propylene glycol as a preservative. We 137 

placed a square veneer plate (120 mm x 120 mm) above each trap to block the 138 

accumulation of rainwater. In wetland, we placed the traps on the ground, avoiding 139 

puddles, and made four or five small holes at 4 cm below the top of a trap to prevent the 140 

overflow of rainwater. The beetles were identified to the species level and categorized 141 

into three groups according to the Working Group for Biological Indicator Ground 142 

Beetles Database, Japan (2015) and Ueno et al. (1985): wetland species, open-land 143 

species, and others (including forest or generalist species). Because the “others” group 144 

contained few species and was low in abundance (12 species and 852 individuals, 5.5% 145 



of the total abundance), we only used samples of wetland and open-land species in the 146 

subsequent analysis. All samples at each survey site were pooled for analysis. For the 147 

two survey periods, the average number of undisturbed traps was 31.5, so we 148 

normalized the ground beetle abundance based on the number of undisturbed traps at 149 

each site and used those abundance data in the analysis. 150 

 151 

2.3. Habitat quality and landscape structure 152 

 To examine the effect of habitat quality on species composition, we surveyed 153 

vegetation density and soil moisture at each survey site in June and August of 2014. At 154 

each site, we established 16 survey points, each of which was located near a pitfall trap. 155 

We first placed a metal rod vertically at the survey point, and recorded the presence of 156 

vegetation touching the rod at 50 cm intervals (0-50 cm, 51-100 cm, 101-150 cm, and 157 

151-200 cm). We summed all the presence/absence data of plant species for each survey 158 

point (ranging from 0 to 4) and then averaged the data for the 16 survey points for each 159 

survey site. At all 16 survey points at each site, soil moisture was measured at a depth of 160 

15 cm using a soil moisture meter (HydroSense, Campbell Scientific, Inc., Logan, USA). 161 

The values of vegetation density and soil moisture measured in June and August were 162 

averaged for each survey site. 163 

To examine the effect of landscape structure on the species composition of 164 

ground beetles, we made a vector map of the vegetation data, including abandoned 165 

farmland, from the latest digital vegetation map (scale of 1: 25,000; Ministry of 166 

Environment of Japan, 2004). We confirmed the locations of abandoned farmland 167 

through the interviews with farmers or local officers and through our visual 168 

observations. We calculated the patch area of abandoned farmland as an indicator of 169 

habitat quality (e.g., MacArthur and Wilson, 1967), the amount of wetland area within a 170 



500-m buffer around the survey sites and the nearest distance between abandoned 171 

farmland and wetland, a variable that affected the colonization of abandoned farmland 172 

by wetland species from the source habitat (e.g., MacArthur and Wilson, 1967; 173 

Quesnelle et al., 2015). The size of the buffer size was chosen based on previous studies 174 

(e.g. Woodcock et al., 2010). This work was conducted using Quantum GIS version 175 

2.8.2 (QGIS Development Team, 2015). 176 

 177 

2.4. Statistical analysis 178 

To assess how species composition is altered by farmland abandonment and 179 

what environmental factors influence the species composition of wetland ground beetles 180 

in abandoned farmland, we analyzed the data in two steps. First, we assessed whether 181 

there were significant differences in species composition among land uses. This analysis 182 

was performed using non-metric multidimensional scaling (NMDS) and Analysis of 183 

Similarity (ANOSIM) tests. Second, we calculated the dissimilarity index of species 184 

composition between abandoned farmland and wetland and assessed which 185 

environmental factors affected the dissimilarity index. This analysis was performed 186 

using structural equation modeling (SEM). 187 

 188 

2.4.1. Species composition in different land uses 189 

To examine the pattern and similarity of species composition among the four 190 

land uses, we ordinated each survey site using NMDS of two data sets in a 191 

species-abundance matrix: (1) abundance of wetland and open-land species and (2) 192 

abundance of only wetland species. The NMDS ordination was performed using 193 

Bray-Curtis dissimilarity. To alleviate the effect of rare species on the results, each data 194 

set was log transformed (log(x+1)). We described the distribution pattern of each 195 



wetland species, and we also used ANOSIM with Bray-Curtis dissimilarity to evaluate 196 

differences in species composition among the four land uses. NMDS was conducted 197 

using R ver. 3.1.2 (R development core team, 2015) and vegan package ver. 2.3-0 198 

(Oksanen et al., 2015); ANOSIM was conducted using PAST ver. 3.08 (Hammer et al., 199 

2001). 200 

 201 

2.4.2. Impact of environmental variables on the species composition in abandoned 202 

farmland 203 

We applied SEM to clarify the factors that influence species composition in 204 

abandoned farmland. First, we calculated the dissimilarity index of species composition 205 

for wetland species between abandoned farmland sites (including newly and previously 206 

abandoned farmland sites) and each of six remnant wetland sites using Bray-Curtis 207 

dissimilarity (i.e., log-transformed species abundance data of wetland species), whereby 208 

a lower dissimilarity index value indicates that the composition of wetland species in an 209 

abandoned farmland site is more similar to that of a remnant wetland site. In this study, 210 

we present the mean dissimilarity index value of each abandoned farmland site. 211 

Second, we built a full model using the dissimilarity index of each abandoned 212 

farmland site as the response variable. As explanatory variables, we used the parameters 213 

vegetation density, soil moisture, patch area of abandoned farmland, amount of remnant 214 

wetland area within a 500 m buffer, the nearest distance between abandoned farmland 215 

and wetland, and abandonment age (Fig. 4a). Abandonment age was used as a 216 

categorical variable (new, 0; previous, 1). All explanatory variables except abandonment 217 

age were log transformed, and we assumed both direct and indirect effects of 218 

abandonment age on the dissimilarity index. A direct effect indicates increasing 219 

opportunity for species immigration with time, whereas an indirect effect represents 220 



changes in habitat quality with time (vegetation density and soil moisture; Fig. 4a). 221 

Finally, we selected the best-fitting model using stepwise specification search 222 

algorithms based on chi-square, the RMSEA (root mean square error of approximation), 223 

and the AGFI (adjusted goodness of fit index) according to McAlpine and Eyre (2002) 224 

and Spitale et al. (2009). The non-significance of chi-square, a low RMSEA value (0-1), 225 

and a high AGFI value (0-1) indicate a better model fit. The model having the lowest 226 

RMSEA and the highest AGFI with no significant chi-square value was selected as the 227 

best model. We calculated standardized coefficients for each explanatory variable to 228 

investigate the relative importance of each. 229 

These analyses were performed using R ver. 3.1.2 (R development core team, 230 

2015). The Bray-Curtis dissimilarity calculations were performed using vegan package 231 

ver. 2.3-0 (Oksanen et al., 2015), and SEM was performed using lavaan package ver. 232 

0.5-18 (Rosseel et al., 2015). 233 

 234 

3. Results 235 

We collected a total of 15,409 individuals belonging to 63 species (32 species 236 

and 5,076 individuals for wetland species and 19 species and 9,481 individuals for 237 

open-land species) from all 37 survey sites (Table A1). For wetland species, the values 238 

for abundance were smaller in grassland than in other land uses (Fig. 2b) and were 239 

similar among newly abandoned farmland, previously abandoned farmland, and wetland 240 

sites. For open-land species, estimated richness and abundance were greater in grassland 241 

than in wetland sites (Fig. 2cd). Open-land species were also found in newly and 242 

previously abandoned farmland sites, though only 1 individual was recorded from the 243 

wetland sites (Fig. 2d). 244 

 245 



3.1. Species composition in different land uses 246 

 The NMDS results showed separate ordination of grassland sites and remnant 247 

wetland sites with newly and previously abandoned farmland sites situated between 248 

these two land uses (Fig. 3). This pattern of ordination was observed for the two data 249 

sets (i.e., wetland and open-land species and wetland species only; Fig. 3). In addition, 250 

the composition of wetland species differed among the land uses (Fig. A1). For example, 251 

Trechus (Epaphius) ephippiatus (Tre.ep), Agonum thoreyi nipponicum (Ag.th), and 252 

Agonum yezoanum (Ag.ye) occurred at both newly and previously abandoned farmland 253 

sites, whereas Loricera pilicornis (Lo.pi), Bembidion paediscum (B.pa), and 254 

Pterostichus sulcitarsis (Pt.sul) particularly occurred in grassland sites. Agonum 255 

sculptipes (Ag.sc), Pterostichus nigrita (Pt.ni), and Chlaenius gebleri (Ch.ge) occurred 256 

in remnant wetland sites (Fig. A1); most Agonum sculptipes and Chlaenius gebleri 257 

individuals were also found in remnant wetland (individuals in wetland sites among 258 

total individuals; 83.7% and 95.7%). The ANOSIM results showed that species 259 

composition did not differ between newly abandoned farmland and previously 260 

abandoned farmland or between previously abandoned farmland and remnant wetland 261 

(p > 0.1, ANOSIM, Table A2) and also showed that the rest of the pairwise 262 

combinations of land uses significantly differed from each other (p < 0.05, ANOSIM, 263 

Table A2). 264 

 265 

3.2. Impact of environmental variables on species composition in abandoned farmland 266 

The best fitting SEM showed that soil moisture, amount of wetland area within 267 

a 500 m buffer, and abandonment age influenced the dissimilarity index (chi-square = 268 

0.57, RMSEA = 0.00, AGFI = 0.94, Fig. 4b). The dissimilarity index was negatively 269 

influenced by soil moisture and the amount of wetland area but was positively 270 



influenced by abandonment age (Fig. 4b). Soil moisture was also positively influenced 271 

by abandonment age. In the best fitting model, the effects of soil moisture on the 272 

dissimilarity index, of wetland area on the dissimilarity index, and of abandonment age 273 

on soil moisture were significant (p < 0.05; Fig. 4b), with larger effect sizes (Fig. 4b; 274 

Fig. A2). The indirect effects on the dissimilarity index, i.e., the effect of abandonment 275 

age on soil moisture and the effect of soil moisture on the dissimilarity index, were 276 

significant. However, the direct effect of abandonment age on the dissimilarity index 277 

was not significant, and the size of the direct effect was smaller than the indirect effect. 278 

 279 

4. Discussion 280 

Our NMDS results revealed an apparent difference in species composition 281 

between grassland and remnant wetland sites, with the species composition of 282 

abandoned farmland being between those of these two land uses. Such an occurrence 283 

pattern of wetland species in each land use suggests that wetland ground beetles 284 

colonized the grassland after land abandonment and that the composition of wetland 285 

species in abandoned farmland is similar to that of remnant wetland. Our results 286 

indicated significant effects of abandonment age on soil moisture and of soil moisture 287 

on the dissimilarity index. Therefore, the increase in soil moisture over time after 288 

abandonment may be one of the main drivers of the changes in species composition in 289 

abandoned farmland. Pardo et al. (2008) noted that soil moisture increased after 290 

farmland abandonment, and in our study region, increases in time since abandonment 291 

resulted in enhanced soil moisture due to age-related malfunctioning of open and 292 

underground drainage ditch systems (based on interviews with farmers or local officers). 293 

Several studies have reported that wetland species abundance increases with greater soil 294 

moisture (Martay et al., 2012; Pardo et al., 2008). In general, wetland ground beetle 295 



species can adapt to floodplain environments, such as those with seasonal water level 296 

fluctuations (Kolesnikov et al., 2012; Rothenbücher and Schaefer, 2006), and increased 297 

soil moisture also contributes to improving habitat quality, resulting in greater egg and 298 

larval survival (Huk and Kühne, 1999). Therefore, we conclude that the increase in soil 299 

moisture promoted the colonization of abandoned farmland by wetland species. Our 300 

results also showed that vegetation density did not affect species composition in 301 

abandoned farmland. This could be because vegetation density was similar between 302 

newly and previously abandoned farmland sites (Table A3). Previous studies have 303 

shown that cultivation legacies such as seed banks and soil nutrients are among the 304 

drivers that affect vegetation succession in abandoned farmland (e.g., Bengtsson et al., 305 

2003; Cramer et al., 2008). Although we did not measure seed banks and soil nutrients 306 

directly, the fact that vegetation density did not affect the species composition of ground 307 

beetles in abandoned farmland (Fig. 4) indicated that the effect of cultivation legacy on 308 

ground beetles was limited in this study. 309 

In our study region, wetland area within a 500 m buffer had a significant effect 310 

on the dissimilarity index, although the abandonment age and the distance between 311 

abandoned farmland and wetland had only a limited effect on the dissimilarity index 312 

(Fig. 4b). Overall, the colonization success of meta-communities depends on the 313 

dispersal capability of each species and the spatial distance between the source and sink 314 

(e.g., Hanski, 2000). Noreika et al. (2015) found that only a few years were required for 315 

wetland insects, including ground beetles, to colonize in new restoration sites adjacent 316 

to a large and high-quality wetland. The majority of ground beetle species inhabiting 317 

unstable habitats have long wings and strong flying capacity (e.g., den Boer, 1990). In 318 

fact, more than two-thirds of the wetland species trapped in this study have long hind 319 

wings (macropterous species) (Table A1). In addition, Martay et al. (2014) estimated 320 



that Carabus granulatus, one of the wetland ground beetles, could move up to 2 km in 321 

90 days. In this study area, the distance between the abandoned farmland and wetland 322 

was relatively short (tens of meters to several hundred meters on average; Table. A3). 323 

Although we could not directly examine their flying ability or movement speed, the 324 

wetland species in our study area might be able to move among habitats patches in the 325 

agricultural matrix, so they could rapidly colonize abandoned farmland from 326 

surrounding wetlands. The amount of source habitat is also an important factor in the 327 

colonization of a new habitat by an organism (e.g., Quesnelle et al., 2015) because the 328 

dispersal probability (or rate) of individuals to a new patch increases with increasing 329 

source patch area. In our study region (i.e., wetland patches located near abandoned 330 

farmland), a large surrounding wetland is more important for the colonization of 331 

abandoned farmland by wetland ground beetles than other landscape structures. 332 

Our study found that both local and spatial effects (i.e., soil moisture and the 333 

amount of surrounding wetland) equally impact the colonization of abandoned farmland 334 

by wetland ground beetles, although a direct temporal effect was limited. The results 335 

demonstrate that increases in soil moisture and the amount of surrounding wetland can 336 

be key for restoring wetland ground beetles using abandoned farmland. Accordingly, we 337 

suggest that soil moisture in fields and the surrounding source habitat may be good 338 

indicators for understanding whether a given abandoned farmland can serve as a habitat 339 

for these wetland species. The cost of restoration of wetland ecosystems tends to be 340 

higher than for other ecosystems, such as grassland or woodland (de Groot et al., 2013), 341 

and our results showed that abandoned farmland could act as a habitat for wetland 342 

ground beetles.  343 

As the reuse of abandoned farmland as arable land in our study region may be 344 

difficult due to the large expenditure for repairs to drainage systems, utilizing the 345 



natural recovery of wetland vegetation in abandoned farmland may be a cost-effective 346 

strategy for restoring wetland environments. For example, rewetting by drainage 347 

reclamation (e.g., re-filling drainages with soil) is often used to restore wetland habitat 348 

(e.g., Klimkowska et al., 2007), and this technique may be conducted more easily by 349 

utilizing abandoned farmland with high soil moisture. 350 

Nonetheless, we should recognize that the natural recovery of wetland species 351 

in abandoned farmland does not mean the full restoration of wetland environments. 352 

Although the species composition in the examined abandoned farmland sites was 353 

similar to that of the remnant wetland, we also found that the species compositions were 354 

not equivalent. In fact, open-land species were abundant in the abandoned farmland 355 

sites, and some wetland species that were abundant in the wetland sites, such as 356 

Agonum sculptipes and Chlaenius gebleri, were rarely found in the abandoned farmland 357 

(Fig. A1). Thus, to efficiently utilize abandoned farmland for habitat restoration, it 358 

should be investigated whether the natural recovery of wildlife would fulfill the 359 

conservation objectives in the target region and whether additional restorations would 360 

be needed. Previous studies have suggested that land improvement, such as rewetting 361 

and wetland vegetation transfer, could be efficient methods for restoring wetland species 362 

in degraded arable lands (e.g., Klimkowska et al., 2007). When the recovery of wetland 363 

specialists is the main conservation objective, such additional management may be an 364 

effective strategy for restoring abandoned farmland. In addition, we only examined the 365 

colonization success of ground beetles into abandoned farmland in this study, but 366 

restoration success also depends on population establishment or persistence in the new 367 

habitat (van Andel and Aronson, 2012). Long-term monitoring would be necessary to 368 

understand the overall wildlife recovery process on abandoned farmland. 369 

 370 
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Fig. 1. Locations of the study sites in the Kushiro region, Hokkaido, Japan 
Polygons indicate abandoned farmland (dark gray), wetland (light gray), and other 
land-use types (white). Symbols indicate study sites in grassland (x symbols), newly 
abandoned farmland (gray triangles), previously abandoned farmland (black circles), 
and remnant wetland (crosses). 



Fig. 2. Boxplot of the richness and abundance of wetland and open-land ground beetle 
species in four land uses 
Wetland and open-land species richness are estimated by the Chao 1 estimator using the 
vegan package ver. 2.3-0 (Oksanen et al., 2015). Species abundances of wetland and 
open-land species are presented as the mean values of individuals per trap in each site. 
The horizontal bars in the boxplot indicate the median, the ends of the boxes indicate 
the interquartile range (IQR), and the whiskers indicate the lowest data point within 1.5 
IQR of the lower quartile and the highest data point within 1.5 IQR of the upper 
quartile. 
 



 

Fig. 3. Non-metric multidimensional scaling (NMDS) ordination of two data sets for 
each land use: (a) wetland and open-land ground beetle species, (b) wetland ground 
beetle species 
Symbols indicate study sites in grassland (x symbols), newly abandoned farmland (gray 
triangles), previously abandoned farmland (black circles), and remnant wetland 
(crosses). The NMDS stress values were 0.16 for wetland and open-land species and 
0.18 for wetland species. 
 



 

 
Fig. 4. Results of SEM: (a) full model, (b) best model 
The number next to the arrow indicates the parameters of standardized coefficients for 
each variable. Bold arrows indicate significant parameters (p < 0.05). Black and gray 
arrows indicate positive and negative values, respectively. 
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